Health literacy has come to play a critical role in health education and promotion, yet it is poorly understood in adolescents and few measurement tools exist. Standardized instruments to measure health literacy in adults assume it to be a derivative of general literacy. This paper reports on the development and the early-stage validation of a health literacy tool for high school students that measured skills to understand and evaluate health information. A systematic process was used to develop, score and validate items. Questionnaire data were collected from 275, primarily 10th grade students in three secondary schools in Vancouver, Canada that reflected variation in demographic profile. Forty-eight percent were male, and 69.1% spoke a language other than English. Bivariate correlations between background variables and the domain and overall health literacy scores were calculated. A regression model was developed using 15 explanatory variables. The R 2 value was 0.567. Key findings were that lower scores were achieved by males, students speaking a second language other than English, those who immigrated to Canada at a later age and those who skipped school more often. Unlike in general literacy where the family factors of mother's education and family affluence both played significant roles, these two factors failed to predict the health literacy of our school-aged sample. The most significant contributions of this work include the creation of an instrument for measuring adolescent health literacy and further emphasizing the distinction between health literacy and general literacy.
INTRODUCTION
Health literacy has received growing attention in the literature over the last decade for its critical role in health education and promotion (Deaton, 2002; Nutbeam, 2000) as a means to improve health outcomes and reduce health disparities (Freedman et al., 2009) . Most definitions of health literacy reflect a variation on the ability 'to access, understand, evaluate, and communicate information as a way to promote, maintain, and improve health in a variety of settings across the life-course' (Rootman and Gordon-El-Bihbety, 2008, p. 3) . Becoming health literate may enhance health behaviours and improve access to health care (Kickbush, 2004; Gazmararian et al., 2005) . We know that, among adults, health literacy predicts health status more strongly than traditional socio-demographic factors of age, income, employment status, education, Health Promotion International, Vol. 25 No. 4 doi:10 .1093/heapro/daq032 # The Author (2010) . Published by Oxford University Press. All rights reserved.
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In its simplest form, health literacy is the ability to understand and follow health instructions. The definition of health literacy, however, has expanded to reflect more than simply following instructions. Health literate individuals are able to understand and apply health information in ways that allow them to take more control over their health through, for example, appraising the credibility, accuracy and relevance of information and acting on that information to change their health behaviours or living conditions.
Health literacy is founded on a hierarchy of literacy abilities ranging from basic through communicative to critical forms (Nutbeam, 2000) . In fact, critical literacy is deemed necessary for people to 'exert greater control over life events and situations ' ( p. 264) . Individual health literacy demands abilities in prose (e.g. paragraphs of information in print form as in a letter), numeracy (e.g. calculations of how many pills to take) and document tasks (e.g. using words and numbers in a chart to discover what bus to take to a youth clinic) (Statistics Canada, 2003) . Within each of these literacy types, there is a range of difficulty levels.
The standardized instruments used to measure health literacy (Parker et al., 1995; Rudd et al., 2004) assume it to be '. . . a derivative of the measurement of literacy' (Nutbeam, 2008 (Nutbeam, , p. 2076 . Health literacy is often measured in adults, particularly in relationship to use of health services and health outcomes, but health literacy of adolescents is less well understood (Manganello, 2008) , largely due to the lack of an agreed-upon operational definition and adequate measurement tools. The few tools that exist for adolescents measure limited aspects of health literacy such as reading ability (Davis et al., 2006) or self-reported health literacy (Norman and Skinner, 2006) .
The purpose of this paper is to report on the initial stage in the development and validation of a health literacy measurement tool for high school students, feasible for classroom use. Of primary concern to us was students' ability to comprehend and critically analyse the vast amount of information they may retrieve for content, accuracy and intent (Skinner et al., 2003) . Critically literate students are able to understand and evaluate, thus able to make informed judgments (Buckingham, 2003) .
Because high school students are 'digitally literate' citizens well-versed in accessing information in the virtual world (Gray et al., 2005) , and because of the challenge in objectively and efficiently assessing communication, we began the measurement process by developing an instrument in which students completed tasks that measured skills to understand and evaluate health information.
METHODS
The instrument we developed included a health-related passage, followed by several open-ended items related to the content. There were 11 passages and 47 items (30 Understand and 17 Evaluate). Each Understand item was worth 2 points (30 Â 2 ¼ 60 points total). Scores for Evaluate items ranged from 1 to 4 (47 points total); higher points reflected more difficult items. The maximum possible score for the instrument was 107 points.
Selection of health-related passages
Health-related 'passages' were located on the Internet or in health centres and were obtained from health education and media materials (e.g. pamphlets and letters to the editor). All passages were in English and covered a range of topics including nutrition and sexual health. Permission to use copyrighted passages was obtained from the authors/publishers.
Development of Understand and Evaluate items
Three research team members developed 30 Understand items, which reflected an equal distribution across the three literacy types ( prose, numeracy and document) and five levels of difficulty. To estimate the difficulty level of each Understand item, the method proposed in 'Literacy Task Assessment Guide' (Evetts and Gauthier, 2005) was used. The research team received a 1-day training session from one of the authors (Evetts) . An example of an Understand item that represents prose difficulty level 2 is 'What drink should you consume after exercising?' from a passage on the topic of energy drinks. For this example, the correct answer was directly stated in the passage. However, the item was assigned a more difficult Instrument for measuring health literacy 445 level because a sentence in the passage acted as a 'distractor' from the correct answer. The information in the sentence appeared to be correct (if it was taken out of context), but was actually incorrect when the rest of the paragraph was read.
We did not find a previously developed systematic method for estimating the difficulty level of Evaluate items. Thus, we conducted a literature review on critical thinking/analysis, evaluation of internet health information and educational assessments of students' evaluation skills. The results suggested two basic elements in evaluating health information: (1) that the result is a judgment or conclusion about the information that is presented; and (2) that this judgment or conclusion is based on applying one or more criteria.
The literature also suggested several relevant but not necessarily mutually exclusive criteria: (1) accuracy (correct information); (2) impartiality (unbiased communication); (3) relevance (applicability to the problem); (4) comprehensiveness (broad coverage of the information); and (5) internal consistency (logical relationships exist between information and/or concepts). Each Evaluate item was developed to measure the application of one primary criterion. The 17 Evaluate items were evenly distributed across the five criteria. An example of an Evaluate item that represents the criterion of accuracy is 'How can you tell that this information sheet could be trusted?' from the passage on the topic of energy drinks. This item assesses a student's ability to identify specific information in the passage that can be used to judge the accuracy of the passage.
The final instrument
Before field testing, five-grade 10 students were recruited to pilot-test the appropriateness of the wording, content and format of the final items using think-aloud protocol method in which students expressed their understanding and the cognitive process of solving the questions. Items then were modified according to students' feedback. The final items were organized into two test Booklets. Booklet A included five passages, and 23 items. Booklet B included six passages and 24 items. For each booklet, two different passage orders and items were presented to avoid obtaining a disproportionate number of responses to the first few passages, in case students ran out of time to complete the last passages in the booklet.
We developed a scoring key to ensure consistency that included an appropriate response and acceptable alternatives for each item. Points were allocated for each part of the response reflecting the different steps in determining the correct response; thus, students could receive part-marks for an item. We also developed a Background Survey to measure demographic (e.g. age, gender, etc.), and other variables known to predict (health) literacy skills (e.g. paternal/maternal education and employment status, amount of time spent on activities outside of class, etc.). Self-ratings of health, literacy and health literacy skills were also included in the survey.
Data collection procedures
Three public secondary schools in the City of Vancouver, Canada, were selected for initial testing, one each from the east, centre and west of the city to ensure variation in the demographic profile of students. We received ethics approval from the University of Victoria, the University of British Columbia, as well as approval from the Vancouver School Board and respective school principals. We contacted grade 10 teachers in health-related classes in each school to arrange the study. Interested teachers were given copies of all relevant materials prior to scheduling classroom time for the study.
Testing occurred in 2008, and involved two regular classroom sessions in each school, about 1 week apart. Students were instructed to complete all materials on their own. During Session 1, participating students completed the Background Survey and Booklet A and Booklet B during Session 2.
Scoring of students' responses After receiving training on how to use the scoring key, the three research team members who drafted the items each scored the responses for the same five students, then discussed scoring issues until they felt that they could confidently use the scoring key consistently. Each of the scorers was then assigned a group of student tests to score individually following which consensus was reached on further refinements to the scoring key. Inter-rater reliability was assessed for six tests (two randomly selected tests per scorer), with a 95% concordance rate (agreement across all three scorers on at least 45 of the 47 items).
RESULTS
The sample consisted of 275 students with the majority in grade 10 (202) and 2, 34, 16 and 17 students in grades 8, 9, 11 and 12, respectively. Of the total, 48.0% were male, and 69.1% spoke a language other than English at home. To ensure it was legitimate to aggregate Understand item scores to represent a single domain score, the unidimensionality of the 30 Understand items was examined using the eigenvalue method in principle component analysis. A ratio of the eigenvalue of the first component to that of the second component !3 is indicative of unidimensionality. As shown in the third row of Table 1 , the ratio of 3.10 for Understand items indicates that items were unidimensional. The 17 Evaluate items were also essentially unidimensional, as were the 47 items for the overall score. Table 1 shows the descriptive statistics for the Understand and Evaluate scores as well as the overall score (i.e. sum of both Understand and Evaluate item scores). The mean of the Understand scores was approximately half (53%) of the maximum possible score. The mean of the Evaluate scores was 22% of the maximum possible score, and the mean of the overall score was 40% of the maximum possible score. Although a relatively lower Evaluate score was expected, when compared with the Understand score, the low Evaluate score may indicate high difficulty for the Evaluate items. Figure 1 summarizes the score distributions. Understand scores were slightly negatively skewed and Evaluate scores were slightly positively skewed leading to a nearly symmetrical distribution of the overall scores (as indicated by the skewness statistics in Table 1 ). Since the distributions did not severely depart from a normal distribution, Cronbach's alpha was used to estimate the reliabilities as also reported in Table 1 . The reliability estimates were very satisfactory, especially the overall score estimate of 0.92. The correlation between the Understand and Evaluate scores was 0.80, and the correlation of each with the overall score was 0.97 and 0.92, respectively.
Two types of analysis were conducted to provide empirical evidence for the validity of score meaning. First, bivariate correlations between the background variables and the domain/overall scores were conducted to explore first-order correlations. These provided weak evidence of validity. The linear relationship assumption was verified by visually examining the bivariate scatter plots for all the background variables before conducting the analyses. The results are presented in Table 2 . 
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The positive yet moderate magnitude of overall score correlations with self-reported school grade point average (GPA) (r ¼ 0.416 to 0.475) and self-reported academic skills (r ¼ 0.352 to 0.411) suggest that each of the Understand, Evaluate and Overall scores represented constructs distinct from general literacy. Speaking a language other than English at home was also related to lower test scores. As expected, the students' self-reported health literacy correlated only slightly (r ¼ 0.213 to 0.262.) with their performance-based health literacy.
Second, a regression model, building upon current theory and literature as well as the bivariate correlations, provided a stronger form of explanatory evidence. In the regression, in addition to the customary report of the estimates and p-value of the regression coefficients, Pratt's relative importance measures indicate the percentage of R 2 value attributable to each of the explanatory variables; hence, the relative importance of the explanatory variables to the variation of the dependent variable can be compared and ordered (Thomas et al., 1998) .
A total of 15 explanatory variables were selected for the final regression model (Table 3) with an R 2 value of 0.567 (R ¼ 0.753) and adjusted R 2 value of 0.517. Statistically significant p-values of the explanatory variables are bolded. In general, lower scores were achieved by students who were male, spoke a language other than English at home, immigrated to Canada at an older age and skipped school more often. As well, mother's education, which is one of the most important predictors for general literacy, was not significantly related to health literacy. Family affluence was also unrelated to health literacy. The Pratt's measures, shown in the last column of Table 3 , index the percentage of the R 2 value explained by each of the explanatory variables. For example, self-reported GPA explained 33% of the R 2 and was the most important explanatory variable for health literacy. The second and third most important explanatory variables were the age of immigration to Canada (12%) and frequency of skipping school (10%). Although the regression coefficients of 'time doing electronic activities' and 'self-reported academic skill' were not statistically significant, each still explained 8% of the R 2 , and should not be disregarded in understanding students' health literacy. Pratt's method of variance partitioning gave a detailed account of the score variation in the overall health literacy and provided strong validity for this interpretation of the scores.
DISCUSSION
This paper reports the development and initial empirical results of a measurement of health in high school students and their related ability to understand and evaluate health information. Improving health literacy may be one means to improve health outcomes and reduce health disparities (Freedman et al., 2009) . Briefly, our aim was to move beyond simple self-report to a more 'performance-based' measure that entailed tasks that measure students' ability to Understand and to Evaluate health information. The findings of our study justify this aim in that we found only a small relationship between self-reported and our performance-based health literacy. This suggests that self-reported health literacy, which is frequently used in research with adolescents, may not be a valid measure of the construct.
The most significant contribution of our study was the creation of a concrete measurement framework based on both Understand and Evaluate items, developed systematically based on the method proposed in the 'Literacy Task Assessment Guide' (Evetts and Gauthier, 2005) . The Understand items were equally distributed across three types of literacy ( prose, document and quantitative) and five levels of difficulty (1 -5, with 5 being the most difficult), yielding a useful 3 Â 5 framework for assessment. Because our team found no previously developed systematic method for estimating the difficulty level of Evaluate items, a review suggested that important elements in the process included applying one or more criteria to the presented information in order to make a judgment or conclusion about the information. The criteria are: accuracy, impartiality, comprehensiveness, relevance and internal consistency. To date, we know of no similar measurement framework for categorizing and scoring items on specific measures of health literacy. Together, our framework and scoring methods achieved a high degree of inter-rater reliability.
We recognize the limitations inherent in our methods, such as the recruitment of a relatively small and convenience sample from only three schools. We realize it is too early to make definitive conclusions about this new instrument. However, we also believe our exploratory work offers some new information of value and interest to both practitioners and researchers. Both sexes were equally present and there was a high proportion of students who spoke a language other than English at home. In Vancouver, 54% of students district-wide do not speak English at home (British Columbia Ministry of Education, n.d.). While our sample had a large number of students speaking a language other than English, which may have made our items more challenging, health Instrument for measuring health literacy 449 information in BC, Canada is almost exclusively available in English. Our passages are realistic and typical of the information students must be able to comprehend and evaluate. Our analyses of the empirical validity of score 'meaning' involved bivariate correlations between the background variable and the domain/overall scores. We found moderate positive correlations of our domain/overall scores with both self-reported GPA and self-reported academic skills. We also note that speaking a language other than English at home was related to a lower score performance. We believe that our regression model with Pratt's relative importance measures, based on current theory and literature and our correlational data, provide a strong form of explanatory evidence. Unfortunately, no health literacy measures were deemed to be appropriate (classroom-based administration and content relevant) with which we could correlate to provide validity evidence. We included the more sophisticated Pratt's relative importance measures, which helps explain the relative importance of our explanatory variables to the observed variation of our dependent variable (Thomas et al., 1998) . We found that males had lower overall scores than the female students. Students who had immigrated to Canada at an older age, speaking a second language other than English, and students who skipped school more frequently achieved lower scores. We are unable to definitively comment on the likely impact of 'second-language' on our health literacy scores.
On average, students performed better on the Understand items. Our finding of a lower average score on the Evaluate items may indicate that the Evaluate items were more difficult or that they place a higher level of cognitive complexity and demand on students. This may be particularly true for high-school students who may lack the experience, confidence and developmental maturity to engage in critical appraisal of health information. Although we expected students would perform lower on the Evaluate dimension than on the Understand dimension, our results seem to suggest that evaluation items have an unanticipated high difficulty level. Further work on modifying the instrument should take this concern into account.
Unlike in general literacy where family factors such as mother's education and family affluence both played significant roles, these two factors failed to predict health literacy of our school-aged sample. Among adults, level of formal education (Rootman and GordonEl-Bihbety, 2008 ) and income (von Wagner et al., 2007) have surfaced as important factors related to health literacy. As expected, however, students with a higher self-reported GPA tended to perform better. Specifically, selfreported GPA explained 33% of the R 2 and was the most important explanatory variable for health literacy. The second and third most important explanatory variables were the age when the students immigrated to Canada (12%) and frequency of skipping school (10%). The former also plays out in adulthood when health literacy assessments are completed in a language other than the respondent's 'mother tongue' Canadian Council on Learning, 2008. These results suggest the importance of advocacy efforts for comprehensive school health (Deschesnes et al., 2003) . More importantly, we argue that these results suggest that each of the Understand, Evaluate and overall scores represent distinct constructs from general literacy. This is a significant contribution of this work, given that most measures of health literacy assume that it is a derivative of general literacy.
Further research should explore the role of time doing electronic activities (e.g. TV and Internet) and self-reported academic skill. While these factors were not statistically significant, they did explain significant variation and warrant future investigation in understanding students' health literacy. Involvement in technology has been cited as occupying a growing role in the (health) education of our children and youths, with both positive and negative implications (Brey et al., 2008) .
The present study provides useful information for both researchers and health educators. It also affirms several remaining challenges. Our findings highlight the need for a rigorous approach to instrument development. A second implication is the need to continue to develop better test stimuli and measures of the understanding and appraisal of health-related information. For a variety of practical and theoretical reasons, we chose not to include the two domains of accessing and communicating health information. We believe that these domains may require different tools and methodological approaches than the present one and we encourage future research in these areas. Our research shows the need to conduct this validation work with a view to understanding how each of the components of health literacy may vary within and across identifiable subgroups (e.g. adolescents). Finally, there is a need to develop a measure of health literacy that is relatively simple, low cost and easy to administer in key settings such as schools.
Our purpose was to test an emerging measurement tool that would be relevant for high school students and feasible for use in the classroom setting. Our results offer some insight with respect to the understanding and critical appraisal of health-related information by highschool students. We also provide evidence that health literacy scores are likely influenced by a host of intrapersonal, interpersonal and environmental variables. Together the results highlight two key points. First, they affirm our view that we must move beyond simple self-reported health literacy. Second, despite evidence to support the assertion that health literacy and general literacy are distinct constructs, there remains a need to further identify and explore the relations between these constructs within and across the domains of prose, text and numeracy.
Future work will seek to further refine our measure in these areas, and to develop and test reliable and valid means of assessing how youth access health information, and how they communicate it with significant others ( peers, parents, teachers and health professionals) to improve and take control of their own health.
